L eft ventricular hypertrophy (LVH), as defined by increased LV mass (LVM) on echocardiography, predicts cardiovascular events in hypertensive patients as well as in the general population. 1,2 LVH can occur through ventricular dilatation, wall thickening, or combinations thereof. To distinguish between these patterns of hypertrophy, LVH has been subclassified based on relative wall thickness (RWT; wall thickness/LV internal radius). 3 If the ratio is high, the term concentric is applied; if not, the term eccentric hypertrophy is used. Recently, a new 4-group classification system derived by cardiac MRI reclassified participants with eccentric LVH with normal LV end-diastolic volume (EDV) into a subgroup with better LV function and, maybe, better outcome that is not captured with the conventional 2-group classification. 4 The new classification has not yet been related to clinical outcome in hypertensive patients. 5
We, therefore, evaluated all-cause mortality and cardiovascular events in the new 4-group LVH classification based on LV concentricity (mass/end-diastolic volume [M/EDV] 2/3 ) and LV dilatation (EDV/body surface area [BSA]) in hypertensive patients.
Methods

Study Design
More than 10% (n=960) of Losartan Intervention for Endpoint Reduction (LIFE) participants aged 55 to 80 years with stage II to III hypertension were enrolled in the prospectively planned LIFE echocardiography substudy in which echocardiography was performed at baseline and annually thereafter for a median of 4.8 months of follow-up. 6, 7 The LIFE inclusion and exclusion criteria and main outcomes have been reported previously. 8, 9 The Committees of Ethical Science in participating countries accepted this study. Participants provided written informed consent.
Doppler Echocardiography
Echocardiograms were recorded using phased-array echocardiography, following a standardized protocol under which the parasternal window was used to record ≥10 consecutive beats of 2-dimensional and M-mode recordings of LV internal diameter and wall thicknesses just below the mitral leaflet tips in long-and short-axis views. 6 LV chamber dimensions and wall thicknesses were measured following American Society of Echocardiography standards. 10 RWT was calculated at end-diastole as (2×posterior wall thickness/internal LV diameter in diastole); endocardial shortening as ([diastolic-systolic LV internal diameter]/diastolic LV internal diameter); LV chamber volumes and ejection fraction by the angiographically validated Teichholz method; and LVM using an anatomically validated formula (r=0.90 versus postmortem LV weight). [11] [12] [13] [14] LVM showed excellent interstudy reliability in a separate study of 183 patients from the Reading Center. 15 Midwall shortening was calculated using a previously validated formula. 16 Stroke volume was determined by Doppler echocardiography and used to calculate cardiac output. 17 Aortic regurgitation was assessed by color Doppler. 18 A description of derived variables has been published previously. 6, 7, 19 Defining LV Geometry LVH and increased LV EDV/BSA were defined according to guidelines (LVM/BSA: ≥96 g/m 2 [women] and ≥116 g/m 2 [men]; LV EDV/BSA: ≥76 mL/m 2 ; Figure 1 ). 10, 20 To identify wall thickening, we used a modified formula to calculate an LV concentricity index as proposed by Khouri et al. 4 The concentricity index is calculated as (k×[LV myocardial volume/LV EDV] 2/3 ), as previously described. 4 Sex-specific partitions for LVM/LV EDV 2/3 (termed concentricity 2/3 ) were defined as ≥97.5th percentile of the previously described healthy subpopulation used to define LVH in the Dallas Heart Study 4 (≥8.1 g/ mL 2/3 [women] and ≥9.1 g/mL 2/3 [men]; Figure 1 ). Patients with LVH were then divided into 4 groups based on whether concentricity 2/3 and LV EDV/BSA were increased or not using the above threshold values. To recapitulate the standard 2-group classification, we classified hypertrophy as concentric when concentricity 2/3 exceeded the above sex-specific thresholds, and as eccentric when it was below those values. To test whether the results were dependent on the method of indexation, 2 sensitivity analyses were performed: (1) height 2.7 was used to define LVH (LVM/height 2.7 ≥45 g/m 2.7 [women] and ≥49 g/ m 2.7 [men]) 10 ; and (2) RWT was used to define concentricity (≥0.43). 10 The new classification system was tested in an apparently normal population (n=362) from New York. 21 This showed overall specificity of 97% for absence of LVH. 20
End Points
All LIFE end points were ascertained by systematic surveillance at regular outpatient visits and investigator contact of patients and verified by an end point committee. 8, 22 Members of the end point committee were blinded to echocardiographic measurements. Because LVH has been shown to be associated with congestive heart failure, we added hospitalized congestive heart failure to the composite end point. 23, 24 The primary end point in this post hoc study was all-cause mortality, and secondary end points were cardiovascular death and the composite end point of cardiovascular death, myocardial infarction, hospitalized heart failure, or stroke. 8, 22 
Statistical Analysis
Descriptive data are reported as mean±SD, and frequencies as percentages. Continuous variables without normal distribution were logtransformed as appropriate and expressed as median with first and third quartiles. Differences in categorical variables were evaluated using χ 2 and continuous variables using 1-way ANOVA. To test whether the 4-group classification system was clinically relevant, both classification systems were analyzed in uni-and multivariable Cox regression with LVH group inserted as a time-varying variable by using the LVH category just before an end point occurred, with patients with normal LVM as the reference group. Therefore, a patient who had concentric dilated LVH at baseline may have shifted to a different group before dying or having another end point. Multivariable Cox models were adjusted for age, sex, race, randomized study treatment, and timevarying systolic and diastolic blood pressure as well as time-varying diabetes mellitus and heart failure. Because heart failure was a part of the composite end point, this end point was adjusted for history of heart failure instead of time-varying heart failure. Because of limited events, cardiovascular death adjustment was limited to age, sex, and time-varying systolic blood pressure. Proportionality and linearity assumption for all variables in the multivariable models were checked by testing the dependence of their relative risk estimate on time. No interaction was found between the covariates sex, diabetes mellitus, median age (>66 or <66 years), and median systolic blood pressure (>162 or <162 mm Hg), and each model of the 4-group classification (all P>0.08). In addition, the multivariable Cox models were adjusted for multiple comparisons using Bonferroni correction for the primary end point of all-cause mortality. Finally, we tested whether the new model improved the net reclassification index for all-cause mortality in addition to continuous LVM/BSA, that is, the proportion of individuals correctly reclassified across risk categories minus the proportion of individuals incorrectly reclassified. 25 We used thresholds of <5%, 5% to 10%, and ≥10% because no established thresholds exist for the new classification models' action about all-cause mortality.
SAS statistical software package version 9.2 for PC (SAS Institute Inc, Cary, NC) was used for all statistical analyses. Two-tailed P<0.05 was regarded as statistically significant.
Results
The present analysis was undertaken in 939 of 960 participants of LIFE echocardiography substudy with measurable LV dimensions at baseline.
Using the new 4-group classification system of LVH, 114 of 939 hypertensive patients (12.1%) had eccentric nondilated LVH, 187 (19.9%) had eccentric dilated LVH, 272 (29.0%) had concentric nondilated LVH, 133 (14.2%) had concentric dilated LVH, and 233 (24.8%) had normal LVM at baseline ( Figure 1 ). Only 4% of 939 patients had concentric LV remodeling (defined as normal LVM but increased concentricity 2/3 ).
After a median follow-up of 4.9 (range, 4.6-5.1) years, lowering of blood pressure with losartan and atenolol changed the prevalence of 4 LVH groups to 23%, 4%, 5%, and 7%, respectively, with normal LVM in 62%.
Baseline Cardiac Structure and Function in LVH Groups
There was no difference in age or systolic blood pressure among the LVH groups; however, both nondilated eccentric and nondilated concentric LVH groups had significantly more women; accordingly, sex was used as a covariate in comparisons using the 4-group classification of LVH. There were higher body mass index, BSA, and high-density lipoprotein in the concentric groups without difference in history of diabetes mellitus. In addition, there were higher mean body mass index and BSA in dilated than in nondilated concentric LVH; higher creatinine in the dilated concentric group; higher urine albumin/creatinine, creatinine, and hemoglobin; and lower highdensity lipoprotein in both concentric groups compared with the nondilated eccentric group. Among echocardiographic variables, there were lower total peripheral resistance, pulse pressure/stroke index, and LV ejection fraction; higher Doppler stroke volume, cardiac output, larger atrial volume, LV midwall shortening, and LVM index; and higher prevalence of segmental wall motion abnormalities among the dilated groups than in the nondilated groups.
Comparison of Subjects With Eccentric Nondilated Hypertrophy With Those With Normal LVM
By definition, patients with eccentric nondilated LVH had increased LVM index but did not meet the criteria for concentric or dilated LVH. Because there were significantly more women with eccentric nondilated LVH compared with participants with normal LVM, sex was used as a covariate in comparison with these 2 groups. Compared with the group with normal LVM, eccentric nondilated LVH was associated with higher systolic blood pressure, Cornell voltage-duration product, pulse pressure/stroke index, and Doppler stroke volume; lower BSA and heart rate; and fewer were blacks (Tables 1 and 2 ). 20
All-Cause Mortality With Respect to the 2 Different Classification Systems of LVH
In analyses that categorized LVH as a time-varying variable, all-cause mortality occurred in 7.9% of study patients: 11% with eccentric and 18% with concentric LVH, and 5% in the group without LVH. When using the 2-group classification system, both eccentric (hazard ratio [HR], 2.3; 95% confidence interval [CI], 1.4-3.8; P=0.002) and concentric LVH (HR, 4.0; 95% CI, 2.2-7.5; P<0.001) predicted all-cause mortality in univariable Cox regression analysis. In multivariable Cox models, both eccentric and concentric LVH predicted allcause mortality (HR, 2.0; 95% CI, 1.2-3.6; P=0.013, and HR, 3.5; 95% CI, 1.8-6.9; P<0.001, respectively; Figure 2A ).
When using the 4-group classification system, all-cause mortality occurred in 7% with eccentric nondilated, 12% with eccentric dilated, 14% with concentric nondilated, and 23% with concentric dilated LVH (Table 3 and Figure 3 ). Among patients with eccentric LVH, dilated LVH was associated with increased all-cause mortality (HR, 2.6; 95% CI, 1.5-4.4; P<0.001), whereas nondilated LVH was not (P=0.617). Among patients with concentric LVH, both nondilated and dilated LVH predicted higher all-cause mortality (HR, 3.1; 95% CI, 1.4-7.1; P=0.007, and HR, 5.4; 95% CI, 2.5-11.9; P<0.001, respectively). In multivariable Cox models, eccentric nondilated LVH remained insignificant (P=0.54), but eccentric dilated LVH and both concentric nondilated and dilated LVH still predicted all-cause mortality (HR, 2.7; 95% CI, 1.6-4.8; P<0.001; HR, 2.7; 95% CI, 1.1-6.6; P=0.026; and HR, 3.2; 95% CI, 1.4-7.5; P=0.007, respectively; Figure 2B ). When adjusting the multivariable Cox models for multiple comparison using Bonferroni correction, eccentric dilated LVH and concentric dilated LVH still predicted all-cause mortality (P=0.002 and 0.027, respectively), However, concentric nondilated LVH did not (P=0.10).
Cardiovascular Mortality With Respect to the 2-and 4-Group Classification Systems of LVH
During follow-up, cardiovascular mortality occurred in 3.5% patients: 5% in the eccentric, 8% in the concentric, and 2% in the group without LVH. When using the 2-group classification system, both eccentric and concentric LVH as time-varying categorical covariates were associated with higher cardiovascular mortality in multivariable Cox models (HR, 2.6; 95% CI, 1.1-5.8; P=0.023, and HR, 3.2; 95% CI, 1.1-9.6; P=0.042, respectively; Figure 2A) .
When using the new 4-group classification system, cardiovascular mortality occurred in none of the eccentric nondilated, 7% in the eccentric dilated, 6% in the concentric nondilated, and 11% in the concentric dilated LVH group (Table 3) . Both eccentric and concentric dilated LVH were significant predictors of higher cardiovascular mortality in multivariable models compared with patients with normal LVM (HR, 3.1; 95% CI, 1.4-6.8; P=0.007, and HR, 5.1; 95% CI, 1.4-18.5; P=0.013, respectively), whereas concentric nondilated LVH was not (HR, 2.7; 95% CI, 0.7-10.0; P=0.138; Figure 2B ).
Composite End Point With Respect to the 2 Different Classification Systems of LVH
The composite end point, defined as the first event of stroke, myocardial infarction, heart failure, or cardiovascular death, occurred in 14% of patients with eccentric LVH, 33% with concentric LVH, and 9% in the group without LVH. When using the 2-group classification system, both eccentric and concentric LVH were associated with the increased rate of composite end point (HR, 1.7; 95% CI, 1.1-2.6; P=0.029, and HR, 4.1; 95% CI, 2.5-6.7; P<0.001, respectively; Figure 2A) .
When using the 4-group classification system, the composite end point occurred in 5% in the eccentric nondilated, 21% in the eccentric dilated, 16% in the concentric nondilated, and 26% in the concentric dilated LVH group (Table 3 ). In multivariable Cox models, eccentric dilated LVH and both concentric nondilated and dilated LVH predicted the composite end point (HR, 1.8; 95% CI, 1.1-2.9; P=0.017; HR, 4.0; 95% CI, 2.3-7.2; P<0.001; and HR, 4.1; 95% CI, 2.1-8.0; P<0.001, respectively), whereas nondilated eccentric LVH did not ( Figure 2B ).
Sensitivity Analyses to Account for the Method of Indexation When Defining LVH or Increased Volume in the 4-Group Classification System
In the first sensitivity analysis using LVM/height 2.7 to define LVH, 130 (13.8%) were categorized as eccentric nondilated, 181 (19.3%) as eccentric dilated, 273 (29.1%) as In the second sensitivity analysis using RWT instead of LV M/EDV 2/3 to define concentricity, 160 (17.0%) were categorized as eccentric nondilated, 306 (32.6%) as eccentric dilated, 226 (24.1%) as concentric nondilated, 10 (1.1%) as concentric dilated, and 233 (24.8%) with normal LVM. Most of the key findings described above with concentricity defined by LV M/EDV 2/3 persisted when using RWT to define concentricity. 
Discussion
For the first time, the new 4-group classification of LVH has been assessed and compared with the established 2-group classification of LVH with respect to its ability to predict all-cause and cardiovascular mortality and cardiovascular events in highrisk hypertensive patients receiving systematic antihypertensive treatment. The subclassification of patients with eccentric LVH into groups with normal or increased LV chamber volume revealed that the latter, but not the former, predicted increased risk of all-cause and cardiovascular mortality and cardiovascular events. In contrast, the subclassification of patients with concentric LVH into groups with normal or increased LV chamber volume revealed the association of both dilated and nondilated concentric LVH with poor outcome. The consistent adverse implications of dilated and nondilated concentric LVH, but only dilated eccentric LVH, provide insight into the worse prognosis associated with concentric than eccentric LVH in most 1,26-28 but not all studies. 19, 29 Furthermore, the findings were largely independent of differences in LVM/BSA between the subgroups. Recently, a new 4-group model has been suggested as an alternative to the established 2-group classification of LVH. 4 This new model was developed using MR measurements in a population-based sample with relatively low burden of cardiovascular disease. A recent analysis using this model in highrisk hypertensive patients enrolled in the LIFE trial revealed significant differences in hemodynamic and renal function patterns among the 4 groups despite lack of significant differences among the groups in baseline blood pressure. 20 There is consistency in the literature linking concentric LVH with poor outcome, 1, 30 whereas published studies report conflicting results on the association between eccentric LVH and outcome. 2, 19, 29 In the present study, the new 4-group classification system of LVH failed to detect associations of nondilated eccentric LVH with all-cause or cardiovascular mortality or overall cardiovascular events. At the same time, dilated eccentric LVH significantly predicted all 3 end points. The difference in outcomes between patients with dilated and nondilated eccentric LVH may help explain the conflicting results of previous reports examining prognostic implications of eccentric LVH, depending on the proportion of patients with dilated versus nondilated eccentric LVH in different study populations.
In the previous report from the Dallas Heart Study, 4 participants with eccentric nondilated LVH, compared with those with eccentric dilated LVH, had higher ejection fraction and lower troponin-T, N-terminal pro-brain natriuretic peptide, and brain natriuretic peptide levels. Although no outcome data were available in the Dallas Heart Study, the authors argued that the biomarker differences might reflect lower pathological cardiac stress and, therefore, portend a better prognosis. Norton et al 31 showed that LV dilatation predicted heart failure in pressure-overload hypertrophy, which might be caused by failure to compensate for the increased pressure. Compared with the nondilated groups, the dilated groups in the present study had increased cardiac output and stroke volume and, therefore, increased wall stress, as well as more segmental wall motion abnormalities. 20 Supporting this finding, although the numbers were small, cardiovascular mortality seemed to be higher in the dilated versus nondilated groups in the present study.
Our results suggest that more refined subclassification of LVH patterns may enhance the prediction of prognosis from readily available echocardiographic or cardiac MRI measurements. The present study also showed that this was independent of LVM index, suggesting that the refined model adds prognostic information beyond simple measurement of LVM.
Sensitivity Analyses Using RWT, or LVM/Height 2.7
To verify that the finding persisted irrespectively of indexation method, we performed 2 sensitivity analyses to account for the method of indexation. Using these 2 alternative methods of indexation did not change the finding that nondilated eccentric LVH was at lower risk than the other groups with dilated or concentric LVH.
Hypertension Treatment on Geometric Pattern
Approximately 5 years of antihypertension treatment greatly reduced the prevalence of both nondilated and dilated concentric LVH, with a smaller reduction in eccentric dilated LVH. That hypertension treatment decreased the numbers in the 2 dilated groups suggests that dilation is often a reversible condition as is increased concentricity as a myocardial adaption to increased afterload or neurohormonal activation. Because we have shown that 3 subtypes of LVH-eccentric dilated and both concentric patterns-predict cardiovascular events, and that LVM regression has been shown to prevent cardiovascular morbidity and mortality, 24 sufficient antihypertension treatment seems important to avoid the 3 high-risk subtypes of LVH: eccentric dilated and concentric nondilated and dilated. However, more outcome studies on regression of the 3 high-risk subtypes are warranted.
Limitations
We did not investigate outcomes associated with concentric remodeling, which is not captured in the 4-group classification, despite its association with worse outcome compared with patients with no LVH. 19, 32 In the present study, only 4% of non-LVH patients had concentric LV remodeling using LV M/ EDV 2/3 criteria, limiting power to assess its prognostic implications. Furthermore, only the primary end point of all-cause mortality was adjusted for multiple comparisons because of smaller numbers of events or overlap with all-cause mortality. Therefore, the analyses of the other end points and baseline differences should be considered exploratory. Strengths of this study include its performance in a large population of wellcharacterized hypertensive patients.
The small number of end points in some of the subgroups limited power to verify incremental prognostic ability of the 4-group method in the 2 concentric groups of LVH, in particular using RWT. However, we were still able to show significant differences in the 2 groups of greatest interest in both sensitivity analyses.
Finally, the present study was undertaken in a population of patients with moderate to severe hypertension and electrocardiographic LVH. Other populations need to be evaluated to determine the generalizability of conclusions about the prognostic significance of the 4-group versus traditional 2-group classification of LVH, before the new, more complex classification can be recommended for clinical use.
Conclusions
Hypertensive patients with LVH based on echocardiographic geometric patterns can be reclassified into 4 groups that are at differing risks of all-cause and cardiovascular mortality and a composite end point of major cardiovascular events. Verification of the enhanced prognostic power of the 4-group classification of LVH in other populations is needed before recommending that this more refined approach replace the established classification of LVH into eccentric and concentric subgroups.
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